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Lll: Entry 2 of 4 File: USPT Jul 11, 2001 



DOCUMENT- IDENTIFIER: US 6261934 Bl 

TITLE: Dry etch process for small -geometry metal gates over thin gate dielectric 
Abstract Text (1) : 

Fabrication of metal-on-conductive-dif f usion-barrier-on-gate-dielectric structures 
is done by: etching the metal, by plasma-assisted anisotropic etching, down to and 
into the barrier metal; and then etching the remainder of the barrier layer by a 
dry chemical-downstream-etching process, during which the barrier layer is not 
exposed to ion bombardment. In the case of tungsten over titanium nitride, high 
selectivity and good profiles are preferably obtained, by: during the tungsten 
etch, using a combination of low temperature, relatively low bias, and the addition 
of nitrogen; and during the titanium nitride etch, using a chemical downstream etch 
instead of the conventional wet etch (in boiling H2S04) . (This allows better 
control of undercutting, and eliminates wet strip process.) 

Brief Summary Text (12) : 

The definition of the gate electrode stack on ultra-thin (<3 nm) gate oxides for 
sub-tenth-micron transistors imposes a severe challenge to the etch process. Very 
high selectivity to Si02 has to be achieved to avoid oxide punchthrough and 
subsequent damage to the silicon in the source and drain regions. Even when 
successfully stopped in the gate oxide, the conventional gate etch process 
introduces corner damage to the gate structure that needs to be annealed to 
guarantee good gate oxide integrity (GOI) properties of the transistor. However, it 
is difficult to anneal the corner damage on metal gate structures, since tungsten 
and titanium nitride readily oxidize in conventional oxidation processes. One 
solution to this problem might be to use a wet etch to slightly undercut the 
titanium nitride layer, moving the active gate region away from the damaged 
corners. However, since the selectivity of the wet etch towards tungsten is very 
low, the tungsten sidewall needs to be protected with a spacer prior to the 
titanium nitride undercut etch. This adds significant complexity to the device 
fabrication flow and severely reduces the process window, since the amount of 
undercut, and consequently the effective gate length, depends on the spacer 
thickness. Another approach might be to etch the titanium nitride with a process 
that does not cause corner damage. 

Brief Summary Text (25) : 

No smile pxidat^^^^ is required since the gate oxide is undamaged; 
Detailed Description Text (32) : 

Following is a more extensive account of a first group of results. This group of 
results shows a novel all dry process for defining sub-tenth-micron W/TiN gates on 
ultra-thin (<3 nm) gate oxides. The process was optimized to have high selectivity 
to gate oxide and W eliminating the need of capping the W during TiN etch. Also, it 
does not introduce charge or corner damage to the gate oxide making unnecessary the 
gate annealing (or "smiling oxidation ") after etch. 

Detailed Description Text (34) : 

The ODE process was developed in a Mattson ASPEN II asher. The system has an 
inductively coupled plasma (ICP) source that generates the excited species remote 
from the wafer surface. Two grounded metal grids prevent charged species from 
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reaching the wafers assuring an isotropic process without any. charge damage. 
Oxygen (02) and hexaf luoroethane {C2F6) were selected as process gases. A tlovj 
ratio of 02 to C2F6 higher than 100 to 1 was used. Two process temperatures were 
investigated, 250 C. with the wafers placed on a heated chuck or room temperature 
with the wafers raised on three pins. 

Detailed Description Text (38) : 

"overlap" capacitors where the edges of the top electrode were located on thick 

field oxide. Local oxidation of silicon (LOCOS) isolation was used for the 
capacitor fabrication. Three failure distributions were analyzed: 

Detailed Description Text (43) : 

FIG. lA shows the TiN removal as a function of the exposure time to the 02+C2F6 
process, for blanket TiN layers processed at 250 C. (Hot-open circles) and at room 
temperature (Cold- full circles) . Note that the process temperature does not have a 
strong impact on the TiN removal process. TiN is normally etched using chlorine- 
based plasmas. Ti02 is extremely non-volatile (indeed refractory) and TiF4 is 
normally considered non-volatile as it sublimes at 284 C. at one atmosphere 
pressure. Thus, it is very surprising that the TiN removal can be adequately 
performed with an oxygen/ fluorine ambient having a high O to F ratio, as the one 
used. A possible explanation for this is that the process under study is performed 
at low pressures (less than 2 torr) which could reduce the temperature at which 
TiF4 becomes volatile to below the process temperature, resulting in the etch of 
the TiN film. 

Detailed Description Text (69) : 

FIG. 5B compares the hole mobilities for pMOS devices with p+ poly- and metal-gate, 
as well as different gate dielectrics (3 nm of pure Si02, or RPNO oxynitride ) ; all 
the devices have the same channel implant. Also shown is the "Universal Mobility 
Curve" (Universal) for holes from J. T. Watt et al. The metal-gate pMOS is observed 
to have slightly higher hole mobility (and closer to the universal mobility) than 
the p+ gate case. 

Detailed Description Text (85) : 

For example, in alternative embodiments the preferred Si02 gate dielectric is 
replaced by oxynitride (as described in the lEDM papers cited above), or by Ta205, 
or by BST or PZT or other high-permittivity materials. 

CLAIMS : 

12. A fabrication method, comprising the steps of: 

(a.) forming a gate stack layer which at least partially overlies a semiconductor 
region, and which includes therein 

a metal conductor layer, overlying 

a conductive diffusion barrier comprising titanium and nitr;ogen^^^^ overlying 

a gate dielectric which provides capacitive coupling to said semiconductor region; 
and 

(b.) etching said gate stack layer in a pattern, using a process which includes the 
substeps of: 

(i.) etching the metal, by plasma-assisted anisotropic etching, down to and into 
the barrier metal, and then 

(ii.) etching the remainder of the barrier layer by a dry chemical-downstream- 
etching process which includes oxygen and fluorine sources, and substantially no 
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